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ABSTRACT 


Magnesium sulphate-glacial acetic acid system has been found to be 
a benign, eco-friendly and inexpensive catalyst for the synthesis of 
acetanilide from aniline. The method is simple, fast, green, avoids 
use of toxic acetic anhydride and involves catalysed reaction in line 
with the green chemistry principles. The method can be easily 
adopted at the undergraduate level and may find applications in the 
industrial scale acetylation of primary and secondary amines. 
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INTRODUCTION 

Acetylation of primary and secondary amines, 
alcohols and phenols is a simple nucleophilic acyl 
substitution reaction, which is conventionally carried 
out in the presence of an acidic[1] or basic[2]catalyst 
(Figure 1).The reaction finds extensive use in 
chemistry labs at undergraduate, post-graduate, 
research and industrial scale for protection of amino 
and hydroxy groups in a multistep synthesis of 
polyfunctional compounds[3, 4]. Conventionally, the 
acetylation reactions involve the use of acetyl 
chloride oracetic anhydride as acetylating agents. 
However, these reagents are corrosive and 
lachrymatory respectively, and therefore not ideal[5] 
for the acetylation reactions. Although a number of 
reagents and catalysts have been proposed for this 
reaction, there is a need for simple and efficient 
method, given the importance of this reaction. 


Wang et al. [6] carried out acetylation of primary 
amines using glacial acetic acid. Acetylation reactions 
employing acetic acid for acetylation are slow since 
the carbonyl carbon in acetic acid is deactivated by 
the +R effect of the hydroxyl group [Figure 2].If, 
however, the electrophilicity of the carbonyl carbon 
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in acetic acid can be increased, by using a suitable 
catalyst, the reaction may prove to be highly 
beneficial, since acetic acid is cheap and will involve 
only water as by-product. Acetylation with acetic acid 
is therefore environmentally benign and has 100% 
atom economy. Recently, Brahmachari et al. [5] 
reported use of zinc acetate/metal oxide and glacial 
acetic acid for N-acetylation of amines. Use of zinc 
salts is however discouraged due to potential toxicity 
of zinc. Several other reports of acetylation of amines, 
alcohols and phenols with acetic anhydride or Lewis- 
acid/acetic acid is known in literature [7-17]. These 
methods are however costly or use toxic solvents or 
generate toxic waste or require catalysts which are not 
readily available. Thus, a mild, cheap, simple and 
efficient method acetylation of amines is need of the 
hour. 


Alkaline earth metals like magnesium (Mg) are 
abundant in earth. Using catalysts derived from 
abundant resources is vital for sustainable chemistry. 
Efficient reactions with Mg(II) based Lewis acid 
catalysts could offer a cheap yet practical synthetic 
route for acetylation of useful molecular skeletons. 
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Several examples of use of Mg(II) salts as Lewis acid reports the use of magnesium sulphate heptahydrate- 
catalyst are known till date[ 18-21]. glacial acetic acid for a solvent-free, mild, cheap and 
benign route for the synthesis of acetanilide for 


Therefore, it is worthwhile to explore the use of BBE : 
aniline[Figure 3]. 


magnesium salts as a viable reagent/catalyst in 
acetylation reaction of aniline. The current method 


NH, NHCOCH3 


CH;COCI or (CH;CO),0 
ooo 


R—— ——R 
| ZA Acid catalyst ZZ 
Primary amine Substituted acetanilide 
OH OCOCH3; 
oN CH3COCI or (CH3CO),0 Ss 
a Aa eee e, | 


| 
R ia) Acid/Base catalyst R | 


Figure 1: General route to acetylation of amines and phenols 
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Figure 2: Delocalization of carbonyl carbon through +R effect 
NH» NHCOCH3 


Glacial acetic acid 


Magnesium Sulphate 


heptahydrate,Reflux, 
90 min. 
Aniline Acetanilide 
Figure 3: Acetylation of aniline with glacial acetic acid using magnesium sulphate heptahydrate as 
catalyst 


Experimental 

Amixture of magnesium sulphate heptahydrate (0.2 mmol), glacial acetic acid (3.0 mL) and aniline (1.0 mL, 10 
mmol) was taken in a dry round-bottomed flask. 1-2 pumice stones were added and the reaction mixture was 
refluxed on a wire gauze for suitable time. Upon completion of the reaction (TLC), the contents were diluted 
with hot water (5.0 mL) and filtered hot. The filtrate was allowed to cool to room temperature and then cooled in 
an ice-water bath(100 mL).The sample was filtered at suction pump, washed well with minimum amount of ice- 
cold water, dried and weighed. A part of the crude sample was recrystallized from hot water. Melting point of 
the recrystallized sample was found to be 114°C. 


Result and Discussion 

A reaction of aniline (1.0 mL) with glacial acetic acid (3.0 mL) was carried out in the presence of magnesium 
sulphate heptahydrate (30 mg) as catalyst. It was found that the reaction proceeded to completion in 90 minutes 
to afford 80% yield of the desired product. No further increase in yield was observed on increasing the reaction 
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time. The yield was however found to decrease on reducing the reaction time[Table 1]. It was therefore 
concluded that 90 minutes is the optimum reaction time. Next, the reaction was carried out with varying amounts 
-- 100 mg). It was found that the best yields(92%) was 
obtained when 50 mg of magnesium sulphate heptahydrate was used as catalyst[Table 2]. No further increase in 
yield of the desired product was obtained on increasing the amount of catalyst. The reaction in absence of 
catalyst gave poor yields of the desired product (60%). This strongly indicates the role of Lewis acid catalyst in 


of magnesium sulphate heptahydrate (30, 40, 50---- 


catalysing the reaction [Figure 4]. 
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Figure 4: Mechanism of Lewis acid catalysed acetylation of aniline 


Table 1: Effect of reaction time on the acetylation reaction 


S.No. Duration of reaction (minutes) Yield Percentage (%) 
1 45 50 
2 60 70 
3. 75 77 
4 90 80 


Conditions: Aniline (1.0 mL), glacial acetic acid (3.0 mL), 118°C, magnesium sulphate heptahydrate(30 mg), 


Table 2: Effect of varying amounts of magnesium sulphate heptahydrateon the acetylation reaction 


S.No. Amount of Magnesium sulphate heptahydrate(mg) Yield Percentage (%) 


1 30 80 
2 40 85 
2. 50 92 
2: 70 92 
4 100 92 


Conditions: aniline (1.0 mL), glacial acetic acid (3.0 mL), 118°C, 90 min. 


Conclusion 

Magnesium sulphate heptahydrate-glacial acetic acid 
system has proved to be a mild, cheap, simple, and 
benign catalyst for the synthesis of acetanilide from 
aniline. Lewis acid catalysis nucleophilic acyl 
substitution reaction by increasing the electrophilicity 
of the carbonyl group. The method may serve as a 
sustainable, inexpensive and green route for the 
acetylation of the primary amines. 
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